solvents and acetone +water mixture solvents were experimentally determined from 279.75 K to 323.15 K. The experiment results indicated that solubility of tylosin in pure solvents gradually decreased and followed this order: chloroform > buty lacetate > acetonitrile > tetrahydrofuran > acetone > benzene > n-butanol > ethy lacetate > n-propanol > ethanol > methanol > water, and solubility gradually decreased with water increasing in water+acetone mixture solvents. Moreover, experimental solubility increased with temperature increasing except for water(x ≥ c 0.9281)+acetone mixture solvents. Thermodynamic models correlating solubility data showed that modified Apelblat model was litter better agreement than Van't Hoff model, Wilson model, NRTL model in pure solvents and C/R-K model, Jouyban Acree model in acetone+water 2 solvents by ARD, RMSD and R . Furthermore, thermodynamic properties for dissolution process of tylosin were calculated and discussed by modified Apelblat model paramaters.
Introduction
Tylosin (CAS:1401-69-0, Fig. 1 ) is a kind of antibiotic drugs that are greatly applied livestock not only to treat disease, but also to improve [1] [2] [3] the feed utilization as feed additive. Because tylosin is a medium spectrum antibiotic to treat infections caused by most Gram-positive bacteria, mycoplasmas, some Gram-negative bacteria, Chlamydia, and to increase the rates of weight gain and improve the feed efficiency of [1] [2] [3] companion animals, such as cattle, chicken, turkey, and swine . Therfore,investigations and research thermodynamic properties of drugs are vital to understand nature of molecular interactions and explore new fields. The solid-liquid equilibrium solubility data of drugs plays an important role separation and purification for process choosing in industry application. In this research, the solubility of tylosin were experimentally determined in chloroform, butyl acetate, acetonitrile, tetrahydrofuran, acetone, benzene, n-butanol, ethyl acetate, n-propanol, ethanol, methanol, water and acetone+water mixture solvents, and were correlated with modified Apelblat model, Van 
Experimental

Materials
In the paper, tylosin was supplied from Ningxia Tairui Pharmaceutical Co.Ltd., China and purified before use by dilution crystallization method. Purity of tylosin was determined by HPLC (type Agilent 1200, Agilent Technologies).All solvents are analytical grade without further detection. Resources information were presented in Table 1 .
Thermal analysis
The DSC measurements were operated for tylosin in a nitrogen atmosphere with a differential scanning calorimeter (NETZSCH, STA409PC 5 min with a current of 40 mA and a voltage of 40 kV.
Solubility determination
In this work, the gravimetric method was adopted to determine solubility of tylosin from 279.75 K to 323.15 K at the pressure of 0.1 [4] [5] MPa. Firstly, the excess drug of tylosin sample and a certain amount of selected solvents was set into the cylindrical double-jacketed glass container with a designed temperature (±0.05K). The glass container was kept a designed temperature with water circulating. The prepared mixed solution was stirred more than 12 h to reach dissolution [4] [5] equilibrium. Then, solid-liquid solution was set to stop stirring, precipitate and stratify 12 h. Next, 5 mL sampling was extracted from upper liquid and placed in double dish, weighed and set into a vacuum oven to dry for 12 h at 323.15 K. Lastly, Experimental solubility were measured at least three times to reduce mistakes. The solubility x of tylosin could be calculated by following equation: 
where m and m (or m and m ) stand for the mass of tylosin and the 
Results and discussion
DSC and XRD analysis
From DSC curve, It was shown that there was a bigger and wider peak at 547.41 K, this revealed that the drug of tylosin had not fixed melting point and decomposed before melting temperature, Because tylosin had larger molecular weight and complex structure from Fig. 1 Fig. 3 presented the XRD pattern of the crystal. It could be seen that the morphologies of tylosin was not changed after recrystallization according with comparing with the powder diffraction spectrum of before and after recrystallization of tylosin.
Solubility data
The determination solubility data of tylosin were shown in Tables 2-3 and correlated Figs. 4-6 in pure solvents and acetone+water binary solvents systems with the temperature range from 279.75-323.15K. From Table 2 and Fig. 4 , the solubility values of tylosin increased with increasing temperature except for water in pure solvents, the solubility gradually decreased and followed this order: chloroform > butyl acetate > acetonitrile > tetrahydrofuran > acetone > benzene > n-butanol > Ethyl acetate > n-propanol > ethanol > methanol > water. According to Standard uncertainties of temperature is u(T) = 0.05 K, standard uncertainty of pressure is u(P) = 0.3 kPa; relative standard uncertainty of solubility measurement is u (x) = 2%.
r Table 3 The measured and calculated mole fraction solubility of tylosin acetone(1-x )+water (x ) solvents. x is initial composition of water in acetone+water mixture solvent under condition of without tylosin; c Standard uncertainties of temperature is u(T) = 0.05 K, standard uncertainty of pressure is u(P) = 0.3 kPa; relative standard uncertainty of solubility measurement is u (x) = 2%. r the thermodynamics of solutions, solubility of tylosin in solvent are affected many factors that are solvent polarity, the same molecules self- [6] [7] association and the different molecules cross-association. The polarity of tylosin was weaker by Fig. 1 . According with the principle of ''like dissolves like," tylosin dissolved highly in poorer polarity solvents like chloroform, butyl acetate and acetone than in stronger polarity solvents like water, methanol and ethanol. Especially, solubility of tylosin was confirmed to decrease with increasing temperature and was consistent 8 with reference in water.
From Table 3 and Fig. 5 , in acetone+water mixture solvents, solubility values of tylosin increased with the increasing temperature when x was less than 0.9281, and decreased with the increasing mole c fraction of water in mixture solvents. Because solubility was affected obviously and sensitive with water content. All factors influencing separation ways of tylosin could be considered as temperature, toxicity, cost, source of solvent and operability of purification process. Dilution crystallization process will be selected to separate and purify for tylosin with acetone+water solvents system in industry according with solubility data measured.
Solubility modeling 3.3.1 Modified Apelblat model
The modified Apelblat model is widely applied and well-correlated the relation between solubility data and different temperatures, which is 9, 10 described as following equation:
where x is experimental determination mole fraction solubility, T is thermodynamic absolute temperature. A, B and C are three model parameters in Eq. (4) and are listed in the Table 4 and Table 6 . ARD is named corresponding average absolute deviation, and RMSD is named root mean square deviations, ARD and RMSD are calculated with Eq. 
The root-mean-square deviations (RM) is defined as follows:
where x and x represent the calculated and determination values, n is i,cal i total times of experimental points. ARD and RMSD are presented in Tables 4-8 . 13, 14 Based on thermodynamic principles of the solid-liquid equilibrium , the Van't Hoff model is considered as the simplest equation describing relationship of solubility and temperature.
Vant Hoff model
ln / b x a T K = +
In Eq. (7), the two model parameters of a and b are gained from fitting results by solubility data and are shown in Table 4 .
Wilson model
According to the theory of phase equilibrium, the fugacity of solid phase and liquid phase equals when solid sample in solvent reaches at the state of dissolving equilibrium. The Wilson model is organized and 15, 16 simplified into binary form. 12 
where V and V represent mole volumes of solute and pure solvent, interaction between different molecule, J·mol and are shown in Table 5 .
NRTL model
Another about activity coefficient equal is expressed as NRTL model, where three parameters exist in binary interaction, NRTL model can be 16, 17, 18 organized and simplified into the following equations. 
where g and g are considered as model constants and stand for 12 21 D D -1 energy of cross interaction between different molecules, Jmol ; is a α represents initial composition of water in mixture solvent; B ,B ,B and B are presented in Table 7 . 19 Jouyban Acree model is frequently applied another semi-empirical equation to correlate solubility data and temperature in mixtures solvent, which is described to Eq.(17) as follows: 
Jouyban Acree model
where x represents solubility data of tylosin in acetone+water solvents, x c represents initial composition of water in mixture solvent; there are nine model parameters from A to A , All of parameters are presented in Fig. 4 . Comparing of the total ARD, 2 2 RMSD and R from Tables 4-5. Tables 4-5 showed that R values varied more than 0.993, ARD and RMSD values were less than 2.69% and parameter related to non-randomness of a solution; all of parameters are presented in Table 5 . Fig. 4 The measured and calculated mole fraction solubility of tylosin from the modified Apelblat model in pure solvents from at various temperatures. Gibbs energy change of solution of tylosin in different solvents;
The ζ and ζ represent the comparison of the relative contribution to the standard Gibbs energy by H TS enthalpy and entropy in the solution process, respectively. was expressed as endothermic process and an entropy-drives process. Dilution crystallization process will be selected to separate and purify for tylosin according with experimental results.
